Declassified in Part - Sanitized Copy Approved for Release 2012/04/05 : CIA-RDP82-00039R000100090089-5

50X1-HUM

Title:s ERIGHTNESS AND CHROMA IN THE LIGHT OF THE PHYSICAL THEORY OF
M
THE VISUAL PROCESS IN THE RETINA (USSR) by S. O. Mayzel!

Nauk
Neuk S8R, Otdeleniye Tekhnichesiclkh Neuk,
| Souzcet ?«Z"?Z"i‘é‘eﬁka‘i%?{fiw 1950, Russian monthly periodical

e s T TR R =

' i

‘ CONFIDENTIAL

t

! [
Declassified in Part - Sanitized Copy Approved for Release 2012/04/05 : CIA-RDP82-00039R000100090089-5




Declassified in Part - Sanitized Copy Approved for Release 2012/04/05 : CIA-RDP82-00039R000100090089-5

.

GONFIDENTIA!

CHEOM R
) THE L 0.
PHYSIOAL THEORY OF THF VISUAL PROCESS IN THE RETINA
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[le The theory otdprobcbiuty is employed to obtain ideal representations
CArorn e
of brightness and Xightesss, which are of importance in photometry./

If a surface possesses in a definite direotion the intensity K, of
monochromatic radiation, thengmoncchromatic brighnoss 1%@,\-7- 7 Vb Ky d>_\ ’

|

where VP‘ a coertain coefficient less than unity expresses the selective
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properties of the human eye.

The experiments of S. I. Vavilov and Ye, M. Brumberg show that the trans-
formation of light energy reaching the retina into electrical osoillatory
impulses, as observed by Hartlein and OGranit in the fibers of the optic
nerve, is connected directly with the absorption of photons by photoreactive
molecules in the cones and rods; apparently for the formation of a single
impulse, L to 8 photons must be absorbed by as many molecules, which become
ions-~the negative ones moving toward the primary synapsis and the positive
ones moving, under the influence of the rather strong electrical field
existing in the retina and nearby epithelial layer, to the walls of the
i external cells of the rods or cones. The_ mechgnism governing the origin
1: of impulses is still unimown.

‘;E Not every encounter of photon and phttoreactive molecule is asccompanied
§ by such gbsorption. The number of "effective" photons aquals (n,.)h 2 Pxn
where n is the number of photons of frequency v = ¢/ A ocourring on the

average per second in a cone and P is the probability of a photon's absorp=
tion and resulting decay of a molecule., If a is the probadbility of
encounter between an effective photon and anyocomeosftbheNNootgginal photo-
reactive molecules in a cone, then the mean number of decompositions per

\
segond equals in the first approximation:
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HSanN® a'BN /et
where sigma o~ is the area of pupil aperture, f is the firest focal distance,
a'2215500+a if B is in deoimillistilbds.

color ,
The oonstant of ddgiwt sensation or peroeption, is defined by the following

ratios (invariable for small time intervals):
o agnaghg/arnexiir-= ng * aghg/axiir
/{ b & B/t = SphouMy/arery ® Mo ¢ aNp/a Ny

where ngyy Dogs Beb ATe the mumber of effective photons arising per second

in modulators r, g, b eesy N represents the ocnoentration of photoreagents

in fl modulator for a given brighness B of a surface; a is probability of &
oton,

Mhmﬂe encounter; and my 3 Deg/ner = Rg/Byy m * Beb/Ner ® Buo/Brs

i N ks

By pg. By being the oomponents of brightness B, in acoordance with spectral

S s

sensitivities of photoreagents in molecules ané with given spactral composi=-

tion of ths radiation.
If two consecutive impulses passing through a nerve fiber are separabed

by a time interval not exceeding a certain tau T, then these two impulses
merge into onej tau T is not constant, but decreases with increase in
" frequency. If a certain impulse from a primary :: %ooincidu" in the limits
| + rz with any one of the impulses from a secondary ﬂe'mn the probability
of such a coincidence, or merging into one, is pbviously 2 T <%/ tat since

i i

not one but °V impulses pass per second from a primary cone the total proba=-
bility of coincidence is 2TV 2, A1) of these "coinciding" impulses are
"subtracted from the sum of frequencles; consequently, the vesulting frequency
AR
- +2u
Y =22y =-27T _2';/(1-’7."7/).
By similar reasoning, if a third is added to two primary rods, then the resulting

frequency of impulses -/ "itntthe nerve fiber equalst

V" E 90 - TV) 4 VYA =T V)
It turns out that the previous quantities mu /a! md/(,b cannot
characterize completely the processes in nerve fibers, because of the inorease
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in frequenocy of impulses in a nerve fiber serving a modulator group of
ocnes in compariscn with that whioh would be obtained from one cone. Honoe
we have the new ratios:

M " et/ Wi * el

_ A" = akpopi/arkongliFoAD * ko/kr
where the coeffiocients k_, 5, k‘ characherize the inorease in frequenay.

Another ratio obtained is N/No = k/( u):'f ang) where Ny is ﬂ)‘-’m,

maximoe mumber of photoresctive nolooulu adaptati beta & is the
rate of deccmposition of unstable molscules formingidn consequence of the
{nflow of "second=kind ions" from the epithelium to the cell; k is the
ratic of the mumber of ions of the restorative agent to the number of ae;om-

kind ions in the afdeheidweis space oharge o’ o4/ Fbettvne
Since in the first spproximation ag=a,. “a, and also

ol Agmfb;:&wm.p. NfMop = BXiC P # ang).

Consequently, /"b = (kgllog/kruor) *m, * (1#ng) Ak ang
(T F5g) ;E ¥ Hgine

since ng, = ny/(1 # m.) and ny, = gn./(l Y] PB) and setting ng ;?‘.
0/0
Finally we obtain the quantity =g determining the nature of ddght sensa-

tion, or perception:

%g =m ¢ (1#m) fk 4 ang
TF ) ;E # gy
eince Nog/Nop = 1 and kg/kk &1
Other important relations that are finally developed:
1. The formula expressing the establishment of sensation from the
moment of darkness (t = 0) as a complicated function in t:
(/ 2 2(t). At t =0, (') =mg e kyfkys a8 t increases

lPPranhea the lim:l.ting value /v oo = 2 * kg [
Simi ler QPrESI
2, Simédanly for (}ﬁfb)t

3. Improved fomula;:( He

1z Hr,«i (lvynl,"’ S O A ’) -F‘:ND- ¢ /J
, I i // to 5, 19 ¢Co G- 6 &)
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